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1. Introduction 
Nitrate reductase purified from a number of 
eukaryotic sources,inciudingNeurosporu crassa [I ,2], 
~hIor~lla vulgaris [3,4], Chlorella fusca [ 51, Thalassio- 
sira pse~~o~a~a 161, ~n~istrodesm~s ~ra~~i~ [ 71 and 
spinach (Spinaeea oleracea) [8,9] displayed light 
absorption spectra at room temperature, and in one 
case [2] at liquid nitrogen temperature, typical of a 
h-type cytochrome. This cytochrome was shown, for 
the enzyme from N. CY~S.SCI [Z] and C. ~~ig~~s [3], to 
have a protohaem 1 X prosthetic group from the 
spectra of its pyridine hemochromogen derivative. 
Haem involvement in the overall electron-transfer 
pathway was implicated by the reoxidation of NADH- 
reduced haem by nitrate [I ,3,8J, additionally the 
NADH-reduced haem was reoxidised by the dehy- 
drogenase lectron acceptor dichlorophenol~ndophenol 
(DCPIP) [S] although the enzymic involvement of 
the haem in this partial function of the enzyme was 
not proved [8,10]. 
We now report further characterisation of the 
haem prosthetic group of spinach nitrate reductase 
based on its visible absorption spectrum at liquid 
nitrogen temperature and the spectrum of its pyridine 
hemochromogenic derivative. We also report the mid- 
point potential of the haem and discuss its involve- 
ment with the dehydrogenase function of the enzyme. 
2. Materials and methods 
2.1. PuriJication of rlitrate redtcctase 
Spinach (Spinacea oleracea L.cv Noorman) plants 
180 
were grown for 6-8 weeks with complete nitrate 
nutrient [ 111 using a nutrient film technique. Leaves 
were sampled; the enzyme was extracted and purified 
by a modification of the procedure as in 181. Gel 
filtration was performed through Biogel A I .5m (Bio- 
Rad Labs.) and the af~nity chromatography utilised 
Blue-Sepharose (Pharmacia). The enzyme-loaded 
column was washed with 0.08 M phosphate buffer 
(pH 7.5), 1 mM EDTA and then with 0.4 M phosphate 
buffer CpH 7.5), 1 mM EDTA until the eluates were 
free of 280 nm absorbing material before elution of 
the enzyme with 0.08 M phosphate buffer {pH 7.5), 
1 mM EDTA containing 1 M KCI. All operations were 
carried out at 0-4°C. 
2 2. g/n-dine hemochromogen deniiative 
Haem was extracted from the purified enzyme and 
the pyridine llemochromogen derivative formed using 
the acid-acetone method, without dialysis, as in [3]. 
Spectra were measured at 20°C using a Pye-Unicam 
SP 1700 recording spectrophotometer. 
2.3. Low tern~eratiire spectrum 
Spectra at liquid nitrogen temperature (77 K) were 
measured using a spectrophotometer constructed in 
the Medical School workshops, University of Bristol, 
according to the principles outlined in [ 121 and 
detailed in [ 131. Cuvettes had a 0.2 cm light path and 
were pre-cooled before measuring spectra of the 
enzyme in 50 mM MOPS (pH 7.0) containing 50% 
sucrose. 
2.4. Mid-point potential 
Potentiometric titrations were carried out at 22*C 
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under anaerobic conditions in a dual wavelength 
spectrophotometer using the method in [ 141. The 
spectrophotometer was constructed in the Medical 
School workshops, University of Bristol, by modifica- 
tion of a basic design [ 151 as detailed in [ 131. The 
modified glass cuvette of 1 cm light path was con- 
structed in the same workshops and is described in 
[ 161. The enzyme, dissolved in 50 mM MOPS, 50 mM 
KC1 (pH 7.0) was deaerated by bubbling with argon 
scrubbed with Fiesers reagent [ 171 for 30 min before 
starting the titrations and the argon was blown onto 
the surface of the mixture during the titrations. 
Measuring and isobestic wavelengths used were 
557 nm and 540 nm, respectively. Final concentra- 
tions of mediators and their mid-point potentials at 
pH 7 (Em7) as given in [ 181 were: 50 PM diaminodural 
(Em7 = +220 mV); 25 PM phenazine methosulphate 
= +80 mV); 25 PM phenazine ethosulphate 
g:t = t55 mV); 6 PM pyocyanine (Em7 = -34 mV) 
and 20 PM 2(OH),1,4,-naphthoquinone (Em7 = 
-145 mV). Ferricyanide (100 mM) was used to 
oxidise the enzyme and reductive titration used 
l-2 ~1 additions of 7 mM NADH. Changes in absor- 
bance and the redox potential of the mixture were 
monitored simultaneously and continuously. A plot 
of the redox potential in the system versus the loga- 
rithm of the ratio of oxidised to the NADH-reduced 
haem was used to estimate the mid-point potential. 
2.5. Assay methods 
Nitrate reductase activity was determined as in [8] 
and protein estimated from AzbO and Azso values. 
3. Results and discussion 
The light absorbance spectrum of NADH-reduced 
spinach nitrate reductase, measured at 20°C) has been 
reported and shown to be a b-type cytochrome with 
peaks at 424 nm, 528 nm and 557 nm [8]. Figure 1 
shows the absolute absorption spectrum of an NADH- 
reduced sample of highly purified spinach nitrate 
reductase at liquid nitrogen temperature (77 K). The 
sample contained 6.43 mg protein dissolved in 0.7 ml 
MOPS/sucrose buffer. A shift of the cx and /I peaks 
towards shorter wavelengths relative to those obtained 
at 20°C was observed. The 01 peak split into two, 
located at 557 nm and 553 nm; the fl peak occurred 
Fig.1. Absolute absorption spectrum of purified, NADH- 
reduced spinach nitrate reductase measured at 77 K (liquid 
nitrogen temperature). A 0.7 ml sample of enzyme (6.43 mg 
protein) in MOPS (pH 7.0) containing 50% sucrose was 
reduced by adding a few crystals of NADH; the spectrum was 
determined in a split beam spectrophotometer with MOPS/ 
sucrose in the reference beam using 0.2 cm path length cells. 
at 526 nm with shoulders at 533 nm and 5 16 nm; the 
Soret band at 424 nm and a broad peak at -484 nm 
(not previously observed) were not positionally affected 
by the decrease in temperature. The shifts and inten- 
sification of the o[ and fi peaks as well as the splitting 
of the QI peak are both commonly occurring phenom- 
ena for cytochromes at liquid nitrogen temperatures 
]191. 
The only other reported low temperature spectrum 
of purified nitrate reductase, that of N. crassa [2], 
shows a similar shift of the LY and /3 peaks but the 
splitting of the (Y peak was much less extreme being 
confined to a shoulder at 556 nm on the main peak 
at 552 nm. A shoulder at 531 nm was reported on a 
fl peak at 524 nm but the shoulder on the shorter 
wavelength side (seen here) was not reported. 
The spectrum of the pyridine haemochromogen 
derivative prepared from the enzyme was identical in 
peak position to that obtained from an authentic 
sample of hemin chloride treated in the same way. 
Peaks occurred at 555 nm, 524 nm and 418 nm; how- 
ever the relative peak heights were different suggesting, 
as with the derivative obtained from the C. vuZgaris 
enzyme [3], the presence of other pigments. 
The mid-point potential of the haem in spinach 
nitrate reductase was determined as in section 2 using 
14.7 mg purified enzyme dissolved in 4.5 ml MOPS/ 
181 
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Fig.2. Pbt of redox potential of purified spinach nitrate 
reductase versus log,, ratio of oxidised to reduced haem. A 
4.5 ml solution of MOPS/KC1 buffer (pH 7.0) containing 
14.7 mg protein was deaerated with pure nitrogen, oxidised 
with ferricyanide and submitted to reductive titration with 
NADH in the presence of mediators. Potential change and 
u,,, compared to A f4e measured continuously in glass 
cuvette of 1 cm Bght path. 
K&l buffer (pH 7.0). Figure 2 shows a least-squares 
plot of potential versus ratio of oxidised to reduced 
haem. From this graph the mid-post potential is 
estimated to be -60 mV. The titration was recycled 
by reoxidation of the fully reduced haem and a second 
reductive titration performed with confirmatory 
results. Compbte reduction of the haem by NADH 
was confirmed by subsequent addition of dilute 
Na&U4 to the system. 
The question as to whether or not the dehydro- 
genase function of nitrate reductase is haem depen- 
dent, as demonstrated by the reduction of DCPIP, is 
not resolved by the determination of the mid-point 
potential of the haem. When NADH-reduced nitrate 
reductase is titrated with DCPIP to slight excess the 
haem is found to be reoxidised [8]. The potential of 
NADH/NAD” is -3 15 mV and therefore addition of 
DCPIP, which has a potential of +2 10 mV, causes 
complete oxidation of the NADH. Oxidation of the 
haem coutd therefore occur either because it is on the 
direct electron pathway from the NADH binding site 
to the dehydrogenase DCPm donating site of the 
enzyme or because the haem is in near equilibrium 
with the group that donates to the DCPIP and so will 
itself become oxidised when all the NADH has been 
oxidised or because reduction of DCPIP occurs also 
at an alternative site to the dehydrogena~ DCPIP 
donating site (see [lo], fig.1). 
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